Objective: To evaluate the psychometric properties of 4 measures of acute pain in youth with sickle cell disease (SCD) during a medical procedure.
P ain is the single most common reason for medical care in the sickle cell disease (SCD) populations and has been described as the hallmark feature of the disease. 1 Pain in the patients with SCD is typically conceptualized as the pain associated with vaso-occlusive events; however, research demonstrates that in addition to recurrent periods of vaso-occlusive pain, youth with SCD also experience elevated rates of daily chronic pain. 2 Routine medical management of SCD also results in increased frequency of acutely painful medical procedures, including venipunctures for health maintenance, IV starts, and immunizations to reduce risk of infection. 3 Given the prominence of pain in SCD, the documented undertreatment of pain in patients with SCD is striking. [4] [5] [6] The accumulated pain histories of patients with SCD has the potential to impact how children use the self-report scales, their expectancies, and anxiety for future pain experiences, and how they react to future pain experiences. For example, researchers have demonstrated that undertreated procedural pain can result in elevated pain ratings for future painful procedures even with the use of pain management interventions. 7 Furthermore, because persons with SCD experience recurrent and chronic pain, they may experience elevated baseline pain before acute painful medical procedures, potentially impacting the validity of these measures of acute pain. For example, youth presenting with pain frequently undergo procedures to start an intravenous line for pain medications and hydration. Without established and valid methods to assess procedural pain patients with SCD may be more likely to experience inadequate pain management.
Research has also demonstrated that belonging to an ethnic minority group, as is the case for the majority of persons with SCD, in itself increases the chances of receiving substandard pain management. 8, 9 Minority groups in general and patients with SCD in particular have been historically underserved by the healthcare system, resulting in a distrust of the healthcare system. 10 This sense of distrust may further complicate accurate pain reporting during painful medical procedures.
Poorly managed procedural pain can lead to increased procedure-related anxiety and resistance behaviors in children during painful medical procedures. This resistance can increase the distress and frustration experienced by both parents and healthcare providers during painful medical procedures. This resistance can also extend the duration and intensity of the procedure. Effective procedural pain management is essential to ensure adherence to the increased number of painful medical procedures required for health maintenance in the pediatric patients with SCD and to create a cooperative and trusting relationship between healthcare providers, patients, and their families.
Adequate pain assessment in the form of reliable and valid measurement is an important first step in improving the pain management received by patients with SCD. The use of valid and reliable pain assessment tools allows for improved pain assessment and is necessary to evaluate pain management interventions. Pain management guidelines emphasize the importance of assessing pain via multiple methods to ensure adequate and reliable pain ratings. 11 Although a single physiologic marker of vaso-occlusive pain has yet to be identified, hematocrit, a measure of anemia severity, has been demonstrated to have a significant negative correlation with pain rate in children with SCD. 12 Multimodal assessment is of particular importance when working with pediatric patients with SCD, as parents frequently serve as proxy-reporters of their child's pain when the child is too young or otherwise unable to report on their pain. Researchers have demonstrated good agreement between self, parent, and physicianreported SCD pain using the Visual Analog Scales (VASs) of the Pediatric Pain Questionnaire (PPQ). 13, 14 This work provides validation for pain assessment tools used to assess recurrent SCD pain, but does not reflect procedural pain assessment during times of acute pain, such as venipuncture and IV starts. Acute procedural pain is qualitatively different from the recurrent vaso-occlusive and chronic pain experienced by patients with SCD in that it is time limited, intrusive, and occurs exclusively in a healthcare setting.
Procedure-related pain, such as pain experienced during venipuncture or immunizations, has been widely used in the development and evaluation of pain measurement tools. 15 Such experiences are well suited to the development of pain measurement tools as they are generally time-limited, have discrete phases, and allow for both objective and subjective ratings of pain thus facilitating validity assessment through pain responsiveness. Researchers evaluating the validity of pain ratings during procedural pain experiences using multiple data sources have found differing degrees of correspondence between these measures. Parent and child-reported pain using a variety of measures (Oucher, VAS, FACES) generally demonstrate good correspondence in research conducted with children receiving routine immunizations and in children with cancer receiving venipunctures. 16, 17 The correspondence between other measures, such as observational assessment and nurse report is somewhat more variable. Several studies have shown that nurse report tends to underestimate pain and demonstrate poor correspondence with child-report in young children undergoing routine immunizations 16, 18 ; though other work has demonstrated adequate correspondence between these measures. 17 Observational measures of procedural pain have been found to generally correspond well to child-reported pain. 18 Because of the unique disease-related pain experiences of patients with SCD, it is problematic to assume that measures validated with the general population have similar validity for this population. The goal of the current investigation is to evaluate the validity of 4 measures of procedural pain with a population of pediatric patients with SCD. Procedural pain in response to venipuncture was employed, as all patients seen at our site receive venipunctures as part of their routine health maintenance. On the basis of other research demonstrating the validity of self, parent, physiologic (heart rate), and observational measures of pain, we hypothesized: (1) that all 4 of these measurement methods would demonstrate criterion validity by showing change in response to venipuncture pain, and (2) that the magnitude of the change in response to the stimulus (''reactivity'') will be positively intercorrelated across all 4 measures, showing convergent validity.
MATERIALS AND METHODS

Sample
Participants were 48 children and adolescents with SCD ranging in age from 2 to 17 years receiving routine venipuncture as part of health maintenance visits. Infants were not recruited due to the rarity with which they receive venipuncture. All participants were recruited from a Hematology Clinic located in Columbia, SC, over a 9-month period. Of the 52 families approached, 4 families refused to participate, citing insufficient available time (2 parents), unwillingness to have the procedure captured on videotape (1 parent), and no reason (1 parent). Exclusionary criteria for this study were history of overt stroke or consumption of narcotic pain medication within the previous 7 days. In addition, participants between the ages of 10 to 12 years (a transition period between prepubescence and postpubescence) were excluded to meet separate study goals of a larger project from which this subsample was drawn. Table 1 provides information on participant and family demographics.
Measures
Heart Rate
Heart rate (HR) has shown validity as a method of assessing pediatric pain for the general pediatric population. 19 A Tanita Pulse Monitor, which is an electric heart rate monitor, was used to assess participant HR as an indicator of physiologic changes in response to venipuncture. Pulse is measured by having the child place their fingertip over the sensor for a 10-second period while the phlebotomist holds the monitor and then records the results provided by the digital display. The monitor provides an average of the pulse rate for the 10-second period and has an accuracy of ± 5%. Baseline HR was assessed when the child was checked for vital signs by a nurse at the beginning of the medical appointment for that visit (approximately 45 min before blood draw). Prevenipuncture heart rate was assessed immediately before the venipuncture by the phlebotomist and postvenipuncture heart rate was assessed approximately 30 to 60 seconds after the venipuncture by the phlebotomist. 
Child-reported Pain Ratings
Self-report of baseline (prevenipuncture) and procedural (postvenipuncture) pain were obtained for children 5 years old and older using a Wong-Baker Faces scale. 20 The Faces scale is a reliable 6-point scale with cartoon faces used as anchors. It is a valid method of child self-reported pain for children within this age range. 21 The range of possible scores is between 0 and 10. Research indicates that the Faces scale is the preferred method of assessing pain in pediatric SCD. 22 Parent-reported Pain Ratings Parent-report of child baseline (prevenipuncture) and procedural (postvenipuncture) pain were obtained using a VAS. VASs are 100-mm horizontal lines with anchors of no pain and worst pain possible. The range of possible scores is between 0 and 100. Research has demonstrated VASs to be a valid method of pain assessment preferable to Likert type scales due to a more even distribution of scores. 23 In a sample of 25 youth with medical conditions resulting in pain, parent ratings of children's pain on a VAS correlate significantly with child report of pain (r = 0.72, P<0.001), establishing its validity. 24 
Observational Measure
A modified version of the Observational Scale of Behavioral Distress (m-OSBD) was used to evaluate videotaped recordings of child behavior during venipuncture. In a sample of 55 predominately white participants with pediatric leukemia 3 to 13 years in age with pediatric cancer the OSBD had statistically significant correlations with 9 indicators of child distress, with correlations of 0.69 for nurse ratings of distress and 0.55 for procedural heart rate. 25 Cronbach a ranged between 0.68 and 0.72, indicating generally acceptable levels of internal consistency. Instructions for the original OSBD included assigning weights to the individual behavior codes to reflect greater distress when certain behaviors are present, whereas for the m-OSBD distress behaviors are recorded and tallied without assigning weights. Research has shown that the original OSBD procedures do not provide significantly greater validity than those of the m-OSBD. 26 The m-OSBD assesses the presence or absence of 11 behavioral indicators of procedural distress (information seeking, crying, screaming, physical restraint, verbal resistance, seeking emotional support, verbal pain, flail, verbal fear, muscular rigidity, and nervous behavior) during the 3 phases of the procedure. Procedure phases include: (1) baseline (from the time the child sits in the chair to the time that the tourniquet is applied or the site is cleaned), (2) procedural (from the start of the skin cleaning/tourniquet application to the time when the needle is withdrawn), and (3) postprocedural (from the time that the needle is withdrawn to when the child leaves the chair or 2 minutes postprocedure, whichever comes first). Observational ratings had possible scores from 0 to approximately 528, depending on the length of the procedure and frequency of distress behaviors displayed.
Two undergraduate coders were trained to 95% interrater agreement using practice tapes. Following this training, interrater reliabilities for the m-OSBD were calculated for 30% of all videotaped observations and weekly review sessions were held to prevent coder drift. Percentage agreement ranged from 93% to 100% agreement across the 11 behaviors, indicating excellent reliability as implemented in our laboratory. Researchers have recommended using percentage agreement over k to evaluate interrater agreement for low-frequency behaviors. 27, 28 Procedures Study procedures were approved by the institutional review board for human subjects research before the recruitment of any participants. Participants who met eligibility criteria were identified through medical chart reviews of scheduled patients. Caregivers whose child met the inclusion criteria were presented with basic study information by the attending hematologist. Caregivers who indicated interest in the study were directed to a research assistant in the waiting room of the phlebotomy laboratory who explained the purpose of the study as a way for the medical community to gain a greater understanding of venipuncture pain and SCD pain. Potential risks and benefits to participation were reviewed with caregivers and participants using the consent form to structure this conversation. Consent was obtained from caregivers for all children. In addition, verbal assent was obtained from all participants over the age of 12 years. Caregivers were provided 2 copies of the consent form, 1 to sign and 1 for their personal records. After reading this form and receiving clarification on any questions or concerns about the study procedures and consent form, caregivers and participants completed the consent and assent forms. The research assistant then instructed caregivers and participants in the use of the VAS and Faces pain scales and clarified any questions participants had regarding these scales. Participants then completed the prevenipuncture forms (parent and child-reports of baseline pain).
To minimize the disturbance to the clinic routine, the research assistant used a remote control to start videorecording the procedure before the child entered the room and stopped the recording after the child exited. Owing to equipment malfunction, videotaped observations were not obtained for 4 participants. Upon return to the laboratory waiting room, participants completed the postvenipuncture measures (child and parent procedural pain ratings). Children and caregivers each received a $5 gift card each as compensation for their participation.
Statistical Methods
To test hypothesis 1, criterion validity was evaluated by determining if each measure resulted in increased pain response from prestimulus to poststimulus. The analyses of criterion validity were also examined within each of 3 age groups to assess whether the effects for the entire sample were also present within narrower age ranges. Baseline pain ratings for child-report, parent proxy-report, and observational distress ratings were examined with t tests to determine if each measure differed from zero, suggesting the presence of baseline pain. Baseline pain ratings were also correlated with postvenipuncture measures to determine if poststimulus measures are associated with baseline pain ratings.
To test hypothesis 2, convergent validity was examined by assessing whether the extent of reactivity to the stimulus correlated across measures. Linear regression was used to compute a residual score for each poststimulus measure that was independent of the prestimulus measure. In an effort to evaluate alternative explanations for the initial pattern of results, some additional analyses were preformed. First, partial correlations were also computed between pain measures controlling for current hematocrit as a global indicator of disease severity. The a level for tests was set at 0.05. Cronbach a and an item analysis were also conducted with the m-OSBD scale to determine the scale's reliability. Finally, correlations between individual items and total score were examined as a measure of itemcriterion correlation.
Analysis
Three of the 4 measures of pain (child-reported, parent-reported, and observational) demonstrated a significant positive skew in the distribution that did not conform to the assumption of normality. A log transformation procedure was performed to reduce the skew in these variables. Prevenipuncture refers to the period just before the procedure. Postvenipuncture refers to child and parent ratings of the procedure immediately after the procedure, HR taken immediately after the procedure, and observational pain assessment during the procedure phase of the venipuncture.
RESULTS
Criterion Validity
Hypothesis 1 states that venipuncture would produce reliable and measurable changes in child pain report, parent proxy pain report, behavioral signs of distress, and an elevation in HR. Analyses indicated no significant differences between baseline and preprocedural HR, t(44) = 0.39, P = 0.70, and a large correlation between these 2 measures, r = 0.49, P<0.01. Preprocedure HR was therefore used for further analyses. As shown in Table 2 , child-report, parent-report, and observational measures all showed significant changes from prevenipuncture to postvenipuncture indicating sensitivity of the measures to procedural pain. HR did not show the expected increase from prevenipuncture to postvenipuncture. These results show criterion validity in using child and parent pain reports and observational coding of distress as measures of acute procedural pain in children with SCD. In contrast, measuring changes in HR did not demonstrate validity as a marker of pain reactivity to acute procedural venipuncture across participants.
Criterion validity was further examined within each of 3 age groups: 2 to 4 years of age (''preschoolers''; n = 12), 5 to 9 years of age (''children''; n = 16), and 13 to 18 years (''adolescents''; n = 20). For preschoolers parent-report, t(11) = 4.31, P<0.01, the m-OSBD, t(11) = 3.86, P<0.01, and HR, t(11) = 1.98, P<0.05, all showed prevenipuncture to postvenipuncture increases. Self-report was not measured in preschoolers. Children showed a similar pattern to the analyses across all participants with statistically significant prevenipuncture to postvenipuncture increases for self-report, t(15) = 3.52, P<0.01, parentreport, t(15) = 3.81, P<0.01, and the m-OSBD, t(12) = 1.94, P<0.05, but not for HR, t(14) = 0.57, not significant (n.s.). Adolescents showed prevenipuncture to postvenipuncture increases for self-report, t(19) = 4.38, P<0.01, and parent-report, t(18) = 3.28, P<0.01, but not for the m-OSBD, t(18) = 0.33, n.s., or HR, t(18) = 1.32, n.s. An item level examination of the m-OSBD for adolescents indicated reliable increases from baseline to venipuncture in only 1 of the 11 m-OSBD behaviors: verbal pain, t(18) = 2.12, P<0.05.
Baseline Pain Ratings
This study found significant pain at baseline in this pediatric sickle cell population. Twenty-two percent of child self-reports, 40% of parent-report, and 54% of observational distress ratings indicated baseline greater than zero ( Table 2) Baseline scores were correlated with postvenipuncture scores for HR, r(45) = 0.35, P<0.05, child-report, r(36) = 0.33, P<0.05, and observational distress ratings, r(43) = 0.41, P<0.01. Baseline scores for parent ratings also showed a similar trend, r(45) = 0.27, P<0.08, indicating that preprocedure pain experience was related to postprocedure ratings of pain experienced during the venipuncture.
Magnitude of Reactivity to Stimulus
Hypothesis 2 stated that these 4 different measures of pain have convergent validity. An examination of scatter plots indicated the presence of outlier data points for these correlations. Therefore, Spearman rank order correlations were used to assess these associations. Extent of reactivity to the venipuncture was computed for each measure using residual scores from linear regression with poststimulus measures as the dependent variable and prestimulus measures as the independent variable. Results of the linear regression demonstrated that prestimulus and poststimulus were significantly correlated for child report [R 2 = 0.11, Table 3 , all comparisons showed statistically significant correlations with the exception of the correlation between HR and child-report. Baseline pain scores were correlated with the residual scores, representing the extent of reactivity to the pain stimulus, to evaluate the relative impact of baseline pain on pain reactivity. All r values were less than 0.17 and all P values were greater than 0.36. These data suggest that baseline pain was related to postprocedural pain largely in an additive manner. That is, baseline pain measures correlated with the postprocedural pain measures, but did not relate to the extent of reactivity to the painful stimulus.
Given the significant heterogeneity in disease severity in SCD, partial correlations controlling for hematocrit percentage were also conducted to determine if the observed correlations may have been related to differences in overall disease severity. The partial correlations indicated a significant association between HR and parent-report, r(40) = 0.31, P<0.05, child-report and observational ratings, r(28) = 0.57, P<0.05, and parent-report and observational ratings, r(37) = 0.27, P<0.05. Thus, the significant convergence across the measures of pain reactivity seemed to be related to pain experience over and above what might be accounted for by differences due to disease severity within the sample.
Item Analysis of Behavioral Distress
Item analysis of the m-OSBD scale was modeled after that reported by the developers of the scale. 25 Although there are no widely agreed upon standards for internal consistency, Cronbach a values of Z0.7 are recommended for research purposes, with 0.70 indicating acceptable, 0.80 indicating moderate, and 0.90 indicating high levels of internal consistency. 29, 30 Using all 11 items of the scale the Cronbach a values for baseline and procedural periods for our sample with SCD were 0.72 and 0.64, respectively, indicating acceptable levels of internal consistency for the scale for the baseline period. Item analyses indicated 7 of the 11 items showed large correlations with the total score (rZ0.50) for both baseline and procedural periods (crying, screaming, physical restraint, verbal resistance, seeking emotional support, flail, and muscular rigidity). Information seeking, verbal pain, verbal fear, and nervous behavior all correlated less than r = 0.16 with total score. Excluding these 4 items the Cronbach a values for baseline and procedural periods were 0.87 and 0.74, respectively, indicating moderate and acceptable levels of internal consistency, respectively. Excluding adolescent participants from this item-criterion analysis did not have a significant impact on the pattern or magnitude of the correlations.
DISCUSSION
The goal of the current work was to investigate the validity of measures of acute procedural pain in the pediatric SCD population. Multimodal assessment of pain during venipuncture was used to establish criterion and convergent validity. Similar to other research investigating acute procedural pain in children, our results indicate good criterion and convergent validity for parent, child, and observational assessment. 23 As in other research examining physiologic indicators of distress, HR did not demonstrate strong indicators of validity. 31 These results support the use of parent, child, and observational assessment as a valid means to assess procedural pain in youth with SCD. The correspondence between parent and child ratings of pain is of particular importance, as parents of children with SCD are frequently called upon to provide proxy-reports of their child's pain. By including an assessment of baseline pain, we were able to explore the role of preexisting pain in how children with SCD experience procedural pain.
Methodologic Issues in Pain Assessment
This work represents an improvement over other procedural pain research by including observational assessment and baseline measures of pain. Including an observational measure of pain response allowed us to more fully evaluate the validity of parent and self-report measures of procedural pain in a pediatric SCD population. Elevated rates of baseline pain are likely to occur in SCD, and in other populations with acute pain due to trauma or ongoing health conditions, such as polyarticular arthritis. 32, 33 The current work found that baseline pain ratings generally correlated with ratings of procedural pain, indicating that baseline pain experience increases the peak level of reported pain during acute procedural events. In one of the few investigations of procedural pain that included a baseline assessment of self-reported pain, Goodenough and colleagues 18 found that 12% of their physically healthy sample of children ages 4 to 6 years reported some degree of pain before their routine immunizations. The rate of baseline pain in the current sample (22% to 54% depending on the measure examined) was higher than that found by Goodenough and colleagues. 18 Although the baseline pain report might reflect measurement error rather than pain per se, the indications of low levels of pain or discomfort based on 3 converging measures (child-report, parent-report, and observable distress) strongly suggests that the child was experiencing a degree of discomfort before their procedural pain experience. The clinical significance of this baseline pain could be debated; however, assuming mild degrees of pain are not clinically significant runs counter to current recommendations for clinical pain management. 31 The correlation observed between baseline pain and procedural pain could be due to a systematic bias from raters to provide higher ratings across situations. However, this explanation does not account for the same correlation found for observable distress behaviors. A more parsimonious explanation would be that baseline pain and procedural pain have an additive impact on total pain experienced during venipuncture.
Assessing baseline pain allows researchers to more accurately understand the factors contributing to the postprocedural pain ratings (eg, preexisting pain and actual procedural pain) and better understand relationships between these 2 sources of the child's pain experience. The present study suggested these 2 sources of pain are largely additive, that is, relatively independent. Further research is needed to examine whether this additive relationship holds true across different subgroups of individuals. For example, there may be differences across developmental stages in childhood or across individuals with differences in the extent of prior pain that alters the relationship between baseline pain and acute procedural pain.
Our analysis of the m-OSBD items suggested adequate internal consistency as a research tool and potential differences in the presentation of procedural distress for children with SCD compared with that reported for a predominantly white sample with leukemia. Elliott and colleagues 25 also found that verbal fear and nervous behavior did not demonstrate adequate correlations with total scores for the m-OSBD; however, unlike our data muscular rigidity did not show adequate item-criterion correlation in their data. Unlike the findings in the Elliott study our data indicated information seeking and verbal pain showed poor item-criterion correlation in our SCD sample. These data are suggestive that the behavioral content of procedural distress may differ between pediatric SCD and other pediatric populations. A more direct comparison of procedural distress across pediatric conditions and race/ethnicity groups is needed to better understand potential differences in the presentation of distress given that the prior study was conducted nearly 20 years ago with some minor methodologic differences between our study procedures. We also found that the m-OSBD may not be useful at the scale level for adolescents, although behavioral signs of distress from venipuncture were found for this age group for verbal expressions of pain or discomfort.
Heart Rate
The results did not generally support the criterion validity of our HR procedures. Limitations inherent in the methods used to obtain heart rate may provide a possible explanation for these results. 19 The preprocedure and postprocedure measurements of HR, although similar to those employed by other researchers, could have provided too few data points to serve as a valid method of assessment physiologic pain response. Additionally, the precise time window of these assessments may have differed across participants. For example, venous access can be highly variable and result in a longer procedure for some participants. Age-related differences in the timing of HR reactivity may have also influenced the current results as suggested by the pre-post changes in HR for preschoolers but not for older children and adolescents. Thus, the utility of changes in HR as a physiologic measure of pain is uncertain. Future work should include continuous assessment of HR over the course of the procedure to allow for a more precise and complete analysis of physiologic response to venipuncture pain.
Limitations
The study findings should be considered in light of some limitations. First, the current work included children across a broad age range. Given developmental differences in children's pain experience, validating these measures across narrower age bands is needed; our ability to examine validity within narrower age groups was limited by the current sample size. Although the present report accounted for baseline pain level before venipuncture, the role of prior pain history was not examined. Given the established connection between prior pain experiences and increased sensitivity to future pain, future work is needed to evaluate the role of pain history in reactivity to procedural pain. Additionally, research investigating cultural differences in pain experiences has suggested that African American adults differ from European American adults in the way they employ standardized pain assessment tools to report on chronic pain experiences. 34 The present report indicates the validity of these pain assessment tools in a sample of African American children with SCD; however, the present study does not inform us as to whether these tools are used differently in this population than in other populations. Additional research is needed to provide direct comparisons between youth and parent-report of procedural pain between ethnic minority and majority groups, and groups with and without chronic pain conditions to clarify differences in the use of these tools. Future research should also focus on the factors that mediate procedural pain experiences in youth with SCD.
CONCLUSIONS
Procedural pain experiences in youth with SCD is an under investigated area. Researchers have demonstrated good agreement between self, parent, and physician reported SCD pain using the VAS of the PPQ. 14, 19 This work provides validation for pain assessment tools used to assess recurrent SCD pain, but does not tell us about pain assessment during times of acute pain, such as IV starts. Because of the unique pain history experienced by patients with SCD and the presence of elevated baseline levels of pain, it is problematic to assume that measures validated with the general population have similar validity for this population. Specifically, evaluating variables such as child age, frequency of procedural and SCD pain experiences, and use of coping methods may be helpful in identifying factors that predict increases in procedural pain. In the present study, we establish criterion and convergent validity for child-report, parent-report, and observational measures of procedural pain in a pediatric SCD population. This work also demonstrates the importance of assessing baseline pain in children undergoing painful procedures. These assessment methods are an essential component to refining pain management interventions for pediatric SCD and determining the best methods of implementing such interventions.
